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INTRODUCTION 
The economic losses caused by weeds, such as reduction 
in crop yields and increased cost of farm operations as well 
as other losses, have been of importance since the beginning 
of cultivation. A weed may be defined as a plant growing 
where it is not wanted (Muenscher, 1935). One characteristic 
possessed by weeds is their ability to thrive on disturbed 
land. Among the features which account for this survival and 
competitive ability of weeds are rapid growth, the production 
of a large number of seeds, prolonged seed dormancy, and 
sporadic germination. One plant which possesses these charac­
teristics is Polygonum pensylvanicum L. (Pennsylvania smart-
weed, purple-head, glandular persicary, hearts-ease, swamp 
persicary). This native annual weed grows in damp grass­
lands, cultivated ground, waste places, and along ditches. 
This species is common throughout the United States, except 
in the higher mountainous regions (Muenscher, 1935). The re­
productive or disseminating unit of this plant is an achene, 
a fruit, which is sometimes referred to as a "seed".* 
*The term "seed" may refer, in the popular sense, to a 
variety of different propagative parts of a plant such as 
true seeds or a seed or group of seeds enclosed by various 
accessory structures (Isely, I960). In this report the 
term "seed" will be enclosed by quotation marks when the 
term used does not indicate a matured ovule. 
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Anatomical and physiological methods have been used to 
study the problem of "seed" dormancy. Either the physiologi­
cal condition of the embryo or features of the enveloping 
structures, or both, appear to contribute to delayed germina­
tion. Dormancy has been associated with the impermeability 
of the "seed" coat to substances. 
The objective of this study was to follow the ontogeny of 
the achene of P. pensylvanicum from the time of fertilization 
to maturity and to continue with the vegetative develop­
mental anatomy of the seedling to the formation of mature 
tissues. Special emphasis was placed on the rapidly develop­
ing embryo and the maturing fruit coat. Knowledge of the 
development and mature structure of the fruit coat will aid 
in the understanding of impermeability of the fruit coat and 
in the development of practical methods for breaking dormancy. 
The emerging embryonic organs of the germinating achene and 
the course of histological development of the stem and leaves 
to maturity were followed in detail. Information on normal 
vegetative development will aid in the interpretation of 
structural aberration induced by experimental treatment or 
disease and contribute to the interpretation of problems of 
physiology, pathology, taxonomy, and other plant sciences. 
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REVIEW OF PERTINENT LITERATURE 
The description of embryo sac development in Polygonum 
divaricatum L. by Strasburger (1879) was among the earlier 
morphological investigations in the family Polygonaceae. A 
brief description of the formation of the nucellus and the 
integuments as well as the mature structure of the ovule was 
given. He described and illustrated in detail the develop­
ment of the embryo sac from the megaspore mother cell. 
The monosporic eight-nucleate embryo sac is the most 
common type, and therefore has been called the "Normal Type" 
of embryo sac. Since other types of embryo sacs frequently 
occur, Maheshwari (1950) has designated this normal type as 
the Polygonum type. In a later work by Strasburger (1902), 
the structure of the ovule at the time of embryo sac maturity 
was described in P. orientale L. 
The early stages of embryogeny in a number of genera of 
the Polygonaceae were described and illustrated by Soueges 
(1919a, 1919b, 1920a, 1920b, 1924). Emphasis was placed on 
the planes of division in the proembryo. Working with P. 
persicaria L., P. aviculare L., Rheum emodii Wall., and sev­
eral species of Rumex, Soueges describes a common pattern of 
embryo development within the family. Early stages of embryo 
development in Pagopyrum esculentum Moench. were described 
in detail by Mahony (1936). He found that the three-celled 
embryo develops from the two-celled embryo by a transverse 
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division of the apical cell, whereas Souèges in his investi­
gation found this transverse division to occur in the basal 
cell of the two-celled embryo. According to Schnarf (1929), 
the embryos of the Polygonaceae investigated by Soueges would 
be classified as the Astereen type, whereas those of F. 
esculentum investigated by Mahony would be classified as the 
Cruciferen type. Johansen (1950), who summarized the em-
bryological literature prior to 1950, classified the embryo 
development in the Polygonaceae as the Polygonum variation 
of the Asterad type, using Soueges* (1924) description of 
P. aviculare as the example. 
Brief descriptions of the older stages of embryo develop­
ment and the structure of the mature embryo and seed have 
been reported in P. esculentum by Stevens (1912) and in Rheum 
rhaponticum. L. and several species of Polygonum, Rumex, and 
Polygonella by Woodcock (1914). The fruit of the Polygonaceae 
is usually a flattened three or four angled or winged achene 
(Fernald, 1950). According to Woodcock, the mature seed 
of Polygonum spp. is enclosed in a pericarp which consists 
of a thick, hard outer layer and the compressed inner layers 
of the ovary. Crushed remnants of the integuments form a 
thin layer surrounding the embryo and endosperm. An aleurone 
layer is inward from the integuments. The curved embryo is 
free from the mealy endosperm and occurs in a cavity just 
beneath the aleurone layer in one of the angles of the seed. 
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Tiie mature embryo consists of semi-circular to flattened 
cotyledons, a hypocotyl, and usually a well-developed cylin­
drical plumule. Woodcock did not mention the presence of 
plumular leaves. Lonay (1922) described the position of the 
embryo within the seed of P. aviculare and indicated the 
size of the cotyledons and hypocotyl, but did not describe 
the plumule. A morphological survey of the gross internal 
features of seeds was reported by Martin (1946). He dia­
gramed the embryo placement within the seed and indicated 
the presence and position of the endosperm of P. pensylvanicum 
and several other species of the Polygonaceae. 
The origin of the food reserve present in the mature 
achenes of the Polygonaceae has been the subject of study by 
several investigators, bentham and Hooker (1883) included 
the Polygonaceae under the Curvembryeae and called the food 
reserve albumen witiiout stating whether it was endosperm or 
perisperm. Harz (1885), no doubt influenced by Bentham and 
Hooker, also included the Polygonaceae in the group, 
Curvembryonatum, which he indicated to be a natural group 
possessing seeds characterized by abundant perisperm and 
embryos which are usually orientated in a lateral position 
within the seed. He described and illustrated the mature 
fruit of F. esculentum and described the fruits of several 
other genera within the Polygonaceae. 
Dammer (1893) stated that the food reserve arises from 
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the developing embryo sac which eventually crushes the tis­
sues of the nucellus and completely fills tiie storage area 
of the mature seed. Althougn Lubbock (1392) followed tlie 
classification scheme of Bentham and Hooker, he described 
the food reserve of the Polygonaceae as endosperm. Kraemer 
(1910) described the endosperm present in the seeds of the 
Polygonaceae as mealy. He illustrated a transverse section 
of a mature achene of _F. esculentum and indicated the pre­
sence of an aleurone layer surrounding the outer portion of 
the seed. 
Endosperm development in several members of the Poly­
gonaceae was reported by Stevens (1912), Woodcock (1914), 
and Lonay (1922). The progressive degeneration of the nucel-
lar tissue and the various stages of endosperm development in 
F. esculentum was described and illustrated by Stevens. The 
endosperm is at first free nuclear and later becomes cellular. 
In a later stage of development, a peripheral meristematic 
region, which Stevens called a "cambium" layer, develops in 
the endosperm. In the last stage, an aleurone layer is dif­
ferentiated as the outermost layer of the endosperm. Stevens 
observed that the epidermis of the nucellus differentiates 
prior to fertilization and persists in the maturing ovule. 
Ke suggested a special nutritive function for this layer. 
Coulter and Chamberlain (1903) refer to a differentiated 
layer of this type in the ovule as a nutritive jacket. 
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Endosperm development in several other species of this 
family was reported by Woodcock (1914) and Lonay (1922). 
Their conclusions closely followed those of Stevens as to 
the degeneration of nucellar tissue, the presence of a nutri­
tive jacket in the epidermis of the nucellus, and the devel­
opment of the endosperm. Woodcock observed a cylindrical re­
gion of dense protoplasm at the basal portion of the embryo 
sac in a number of species in the Polygonaceae. He referred 
to this basal projection as a "haustorium-like mass of dense 
protoplasm". Lonay interpreted this basal projection of the 
embryo sac as originating from the anterior antipodal cell 
of the embryo sac in P. aviculare. 
The possible pathway of nutritive substances from the 
placenta to the developing embryo and endosperm was described 
in P. aviculare by Lonay (1923). It was indicated that the 
material may pass through the hypostase, a differentiated 
group of cells located at the chalazal end of the ovule, as 
well as through the differentiated epidermis of the nucellus. 
Winton and Winton (1932) described the food reserve in 
the mature achene of P. convolvulus L. and other members of 
the Polygonaceae as endosperm which is composed of aleurone 
cells and starch cells. They stated that the structure of 
the mature achene in P. pensylvanicum corresponds closely to 
that of P. convolvulus. Esau (I960, 1965) states that in the 
Polygonaceae the cells of the aleurone layer are living while 
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those of the starchy endosperm appear to be non-living at 
maturity. 
Studies of the development of the fruit coat in the 
Polygonaceae have not been numerous. Harz (1885) described 
the anatomy of the mature fruit coat in several members of 
the Polygonaceae, indicating the presence of long star-
shaped, thick-walled cells in the epidermis. The cellular 
arrangement of the fruit coat in several genera of the 
Polygonaceae was described by Sirrine (1895). The outer 
cells of the fruit coat consist of a palisade layer. Each 
cell contains small canals radiating through the thick cell 
wall from the cell lumen. The sub-palisade layer normally 
consists of several layers of isodiametric cells. Kraemer 
(1910) illustrated the thick-walled fibers found in the peri­
carp of achenes of F. esculentum. 
The development and structure of the pericarp in P. 
aviculare was described by Lonay (1922). At anthesis the 
outer layer of the ovary is composed of thin-walled palisade 
cells. During the further growth of the ovary these cells en­
large and develop thick walls, except for the inner tangential 
wall. The outer tangential wall thickens rather evenly, 
whereas the thickening in the radial wall increases from the 
inner tangential wall to the outer tangential wall. In addi­
tion to the general increase in thickness, additional localized 
thickenings also occur in the radial walls. At maturity each 
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cell of this layer is a long, narrow, rectangular cell, when 
viewed longitudinally. The cell lumen has the shape of an 
elongated triangle with the base of the triangle against the 
inner tangential wall of the cell. From the lumen many 
small canals branch and ramify throughout the cell wall. The 
cells of the middle layers of the pericarp remain thin-walled, 
while those of the inner layer become crushed during the 
maturation of the fruit. 
Winton and Winton (1932) described and illustrated the 
structure of the mature fruit coat of P. convolvulus. The 
pericarp consists of four layers, the epicarp, hypoderm, 
mesocarp, and endocarp. The epicarp is composed of radi­
ally elongated cells with greatly thickened cell walls, ex­
cept for the inner tangential wall. The entire thickened 
wall of each cell is deeply convoluted. The hypoderm consists 
of elongated thin-walled cells, while the cells of the meso­
carp are shorter parenchyma cells. The endocarp is usually 
crushed. According to these authors the microscopic structure 
of the pericarp of P. pensylvanicum is similar to that de­
scribed for P. convolvulus. 
Woodcock (1914) described the early stages of "seed" 
germination in several members of the Polygonaceae. In 
Rumex crispus L. the first gross evidence of germination 
is the rapid elongation of the embryo, which forces the apex 
of the fruit coat to form a split through which the radicle 
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emerges. At a slightly later stage the cotyledons elongate 
and enlarge. The plumule attains a cylindrical form. Wood­
cock observed that the early stages of germination in 
P. scandens L. is practically the same as that described for 
R. crispus. In neither species does he mention the formation 
and appearance of leaves in the emerging plumule. 
Simmonds (1945a, 1945b, 1945c) investigated the germina­
tion of the achenes and the structure of the seedlings in 
three species of Polygonum. In the later stages of germina­
tion the hypocotyl elongates and draws the cotyledons out of 
the soil. Remnants of the achene remain attached to the 
cotyledons but are finally lost as the cotyledons expand. 
The cotyledons eventually become green. An ocrea can be dis­
tinguished at the base of the first leaf in older seedlings. 
The external form of the cotyledons, stem, first leaves, 
hypocotyl, and root of the seedlings of various members in 
the family was described by Lubbock (1892). 
The developmental anatomy of the stem in species of the 
Polygonaceae has not been intensively investigated. The 
cellular organization of the stem apex in P. orientale has 
been reported by Mitra (1945). He observed a three to four-
layered tunica encasing the massive corpus. He also de­
scribed the early stages of differentiation within the stem 
apex as well as the initiation of leaves. 
Anatomical features observed in the mature stems of mem­
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bers of tliis family have been described by Solereder (1908) 
and Metcalfe and Chalk (1950). The cortex usually contains 
collenchyma and a well-developed endodermis. Inward from 
this is a pericycle consisting of a continuous or slightly 
interrupted ring, or isolated bundles of sclerenchyma. Among 
the anomalous structures which may occur within the family are 
internal or medullary bundles, intraxylary phloem, and inter­
fascicular phloem. 
A characteristic feature in the mature stems of 
Polygonum spp. is the presence of isolated phloem strands, 
which arise between the phloem groups of adjacent vascular 
bundles and connect with the vascular bundles at the nodes 
(Solereder, 1903). 
Holm (1927) investigated the anatomical structure of the 
mature stem in several species of Polygonum and reported that 
the stem of P. pensylvanicum is characterized by a hypodermal 
layer of collenchyma which is devoid of chloroplasts, by a 
complete ring of thick-walled pericycle, and by the lack of a 
distinct endodermis. Collateral bundles usually alternate 
with isolated phloem strands. The solid pith contains starch 
and crystals of calcium oxalate. 
The presence of a membranous sheath or ocrea at the base 
of the petiole is another feature of the Polygonaceae. The 
origin, development, and anatomical structure of the ocrea 
have been investigated in P. orientale by Mitra (1945). He 
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concluded that the ocrea is composed of two parts, a sheatii-
ing base and a free upper portion v;hicii develops as an out­
growth of the base. He interpreted the ocrea to be stipular. 
In the leaves of members of the Polygonaceae, stomates 
may occur on both surfaces or they may be limited to the 
lower surface. Two to four layers of palisade cells usually 
occur. The vascular bundles are often accompanied by 
sclerenchyma or collenchyma (Solereder, 1908; Metcalfe and 
Chalk, 1950). The leaf structure of P. pensylvanicum was 
described by Holm (1927). Stomates occur on both surfaces 
of the leaf. The palisade tissue consists of two layers of 
cells which often contain calcium oxalate crystals. The 
midrib is characterized by the presence of six or seven col­
lateral bundles, hypodermal collenchyma on both faces, and 
sclerenchyma covering the external region of the phloem of 
the vascular bundles. 
MATERIALS AND METHODS 
Collections for the study of embryogeny were made from 
flowering plants of Polygonum pensvlvanicum in the field dur­
ing the summers of 1963 and 1964. Flowers wnich were collect­
ed in 1963 ranged from anthesis to the later stages of fruit 
development. The ovaries were dissected out and separated on 
the basis of size and coloration, killed and fixed in Craf 
III, dehydrated in either an ethanol-xylene series or a di-
oxan-normal butanol series, and embedded in paraffin for sec­
tioning (Sass 1958). Throughout the summer of 1964, flowers 
were tagged at the time of anthesis, collections were made at 
intervals of one to ten days, and the material was processed 
as above. Tne ovary wall of older material was trimmed with 
a razor blade to facilitate proper penetration of reagents and 
paraffin. Illustrations used for any specific age represent 
the average stage of development for that age. Each collection 
usually contained stages which overlapped stages in the col­
lections from preceding as well as succeeding days. Variation 
also existed between several collections of the same age. 
For the study of the dormant embryo, the fruit wall of 
mature achenes was removed and either the extracted embryo or 
the entire seed soaked in water at 5°C until soft. After 
soaking at this temperature mitotic figures were not observed 
in the dormant state. The material was killed and fixed in 
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Craf III, dehydrated in an etiianol-xylene series, and embed­
ded in paraffin for sectioning. 
For the study of the seedling mature achenes were ger­
minated in greenhouse flats. Seedlings were collected at 
various intervals after germination. Most of the material 
was collected when approximately eight millimeters of the 
oldest leaf was visible between the cotyledons. The stem 
tips were killed and fixed in Craf III and processed for sec­
tioning in paraffin. 
The material used for the study of the maturing stem and 
leaf was collected from plants growing in the field during 
the summers of 1963 and 1964. The material was killed and 
fixed in either Craf III or FAA, depending on the maturity 
and toughness of the material, dehydrated in an ethanol-
xylene series or a dioxane-normal butanol series, and em­
bedded in paraffin for sectioning. 
To facilitate sectioning of tiard and brittle material, 
one face of the embedded material was exposed and soaked in 
water at 35°C for twelve or more hours. Sections were cut 
from eight to twenty microns thick, depending on the nature 
of the material and the purpose of the study, and stained in 
a safranin-fast green combination. In addition to the 
safranin-fast green combination, in some cases hemalum was 
used to impart a background stain. Iron-hematoxylin was used 
in staining some of the material for nuclear details of the 
embryo. 
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OBSERVATIONS 
Development of the Fruit of Polygonum pensylvanicum 
Embryogeny 
At the time of fertilization each flower of Polygonum 
pensylvanicum contains a single pale green pistil. The ovary 
is circular to ovate in outline, is usually flattened, and 
has a rounded margin. A single style arises from the apex of 
the ovary and separates apically into two lobes, each of 
which terminates in an enlarged stigma. The presence of a 
bilobed style suggests that the pistil consists of two carpels. 
The ovary contains a single orthotropous or atropous 
ovule. The ovule consists of a short broad funiculus, two 
integuments, and the central massive tissue, the nucellus. 
The hypostase, a well-defined group of pigmented cells which 
ranges from a few cells in the outer region to six to eight 
cells in the central region, is located at the chalazal end 
of the ovule. The funiculus contains a large central strand 
of vascular tissue from the flower stalk. This vascular tis­
sue separates from the central strand and forms a cup-shaped 
region of vascular tissue beneath the hypostase (Figure 1). 
The embryo sac is located centrally within the nucellus. 
No attempt was made to determine the interval between pol­
lination and fertilization. However, one day after anthesis 
the proembryo usually ranges from eight to sixteen cells. 
This indicates that fertilization definitely occurs within 
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twenty-four hours after anthesis, probably within a very few 
hours. 
The zygote consists of a clavate cell at the micropylar 
end of the embryo sac (Figures 1, 2, and 9). The first few 
subsequent cell generations of the proembryo are illustrated 
in Figures 2 to 3. Tiie first division within the zygote is a 
transverse division, which divides the zygote into a distal 
cell and a micropylar, proximal cell. In the next division 
of each cell the distal cell divides longitudinally, while 
the proximal cell divides transversely. In the third cell 
generation the proembryo consists of eight cells disposed in 
four tiers (Figures 5 and 10). The original distal cell re­
mains as a single distal tier of four cells, while the second 
tier divides longitudinally and becomes bicellular. The 
third and fourth tiers arise by a transverse division of the 
proximal cell of a four-celled proembryo. A transverse di­
vision of the proximal cell and longitudinal divisions of 
the remaining cells of the eight-celled proembryo produce the 
five-tiered, sixteen-celled proembryo (Figure 7). Divisions 
in the four lower tiers of the sixteen-celled proembryo pro­
duce the six-tiered, twenty-four celled proembryo, which has 
also been found one day after anthesis (Figure 8). 
During the second day after anthesis the distal end of 
the proembryo expands and enlarges into a spherical structure, 
while the proximal region forms a short suspensor. At this 
stage the protoderm can be distinguished as the outermost 
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cellular layer of the embryo (Figure 11). During the third 
day the distal surface of the embryo becomes flattened as the 
result of localized cell divisions beneath the protoderm. 
These localized divisions initiate two cotyledonary primordia 
on opposite sides of the distal surface of the embryo (Figure 
12) .  
By the fourth day after anthesis the primordia of the 
cotyledons are evident as lateral protuberances at the distal 
end of the embryo, and the cellular organization within the 
embryo axis begins to exhibit the future tissue systems (Fig­
ure 13). During the early stages of development the embryo 
appears to move on its own axis, but as the embryo continues 
to develop, it comes to lie in one angle of the seed with the 
flat surfaces of the cotyledons parallel with the flat sur­
faces of the developing acliene. 
In the five-day-old embryo it is possible to distinguish 
a central cylinder of procambium which is surrounded by the 
more vacuolated ground meristem. The outermost layer of the 
entire embryo consists of tae protoderm. At this stage the 
root histogens begin to exhibit their characteristic features 
(Figure 14). Approximately seven days after anthesis the 
stem apex is evident as a low arching dome between the two 
cotyledons. At this stage procambial strands are evident in 
the region of the stem apex and in the cotyledons, and the 
root histogens are well established at the lower end of the 
hypocotyl (Figures 15 and 16). About the seventh or eighth 
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day after anthesis the embryo begins to curve and to occupy 
one of the margins of the ovary (Figure 30). 
By the ninth day after anthesis the stem apex of the 
embryo has become a large dome-shaped structure with evidences 
of a tunica-corpus organization (Figure 17). The tunica ap­
pears to be one cell layer. The flattened cotyledons contain 
well-developed branching procambial strands, however no dif­
ferentiation of vascular tissue has occurred. The root his-
togens are well-defined and a root cap is evident (Figure 18). 
Ten days after anthesis the embryo extends more than half 
of the distance around the margin of the flattened ovary. At 
this stage the initiation of the first leaf primordium is 
evident in the stem apex. This leaf primordium is initiated 
in the outer layer of the corpus in a plane at right angles 
to the plane of attachment of the cotyledons and on the side 
of the apical meristem toward the outer curvature of the 
embryo (Figures 19 and 32). 
In the mature achene the embryo occupies a cavity which 
extends from the micropylar region along one side to the 
chalazal portion of the achene. The two flattened cotyledons 
are broader than the hypocotyl (Figure 33). The procambial 
strands form a highly branched network throughout the coty­
ledons. The plumule of the mature embryo consists of the 
stem apex and one leaf primordium (Figure 20). The proximal 
portion of the hypocotyl consists of the radicle which has 
well-developed histogens and a root cap (Figure 21). No 
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differentiated vascular tissue was observed in the mature 
embryo of P. pensylvanicum. 
The gross external features of the developing embryo 
from the time of fertilization to the maturity of the embryo 
are illustrated in Figures 22 to 33. 
Ovule development 
At the time of fertilization the embryo sac extends from 
the micropyle almost to the base of the nucellus (Figure 1). 
Except for the outermost layer, the massive nucellus con­
sists of large parenchyma cells. The outermost layer of the 
nucellus extends from the base of the nucellus to the micro-
pylar region. In contrast to the central portion of the 
nucellus, the thin-walled cells of this layer are character­
ized by the presence of dense cytoplasm, relatively large 
nuclei, and the absence of large vacuoles. Except for the 
region of the hypostase, two integuments enclose the nucellus. 
Each integument is two cells thick. The outer layer of the 
outer integument contains lightly pigmented cells, while the 
cells of the other layers of the integuments are non-pigmented. 
At this stage three small antipodal cells occur at the 
chalazal end of the embryo sac. The antipodal cells do not 
undergo any further divisions during the subsequent growth of 
the ovule. Mitotic divisions of the endosperm occur prior to 
those of the zygote, for it is not uncommon to find a number 
of endosperm nuclei prior to the first division of the zygote. 
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The first day after anthesis the endosperm consists of 
many free nuclei, which at first are dispersed throughout the 
entire embryo sac (Figure 34). Later the cytoplasm begins to 
concentrate along the sides of the embryo sac, thus forming 
a cavity surrounded by protoplasm. No cell walls have been 
formed in the endosperm at this time. 
Two days after anthesis the endosperm lines the periph­
eral region of the embryo sac and surrounds the embryo. At 
this time cell walls begin to form in the portion of the 
endosperm which surrounds the embryo. The remaining portion 
of the endosperm consists of free nuclear endosperm. At the 
chalazal end of the embryo sac the cytoplasmic layer of endo­
sperm protrudes into the basal portion of the nucellus (Fig­
ure 35). This basal projection consists of dense cytoplasm 
and nuclei which are much larger than those in the remaining 
portion of the endosperm. This structure undergoes very lit­
tle change during the subsequent development of the ovule. 
The three antipodals are located just below this basal pro­
jection (Figure 42). The formation of cell walls in the free 
nuclear endosperm gradually progresses toward the chalazal 
end of the embryo sac (Figure 37). 
Four days after anthesis the entire endosperm, except for 
that in and near the basal projection, is cellular. At this 
time the amount of endosperm, especially around the embryo, 
increases by random cell division (Figure 36). Eventually 
the endosperm becomes completely cellular except for that 
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present in the basal projection (Figure 43). The individual 
cells of the endosperm are uninucleate at this stage (Figure 
38). 
A later differentiation in the cellular endosperm is the 
formation of a peripheral meristem. The cells of the outer­
most layer of the endosperm become meristematic and divide by 
periclinal divisions (Figure 40). The continued addition of 
new cells to the inner region of the endosperm decreases the 
size of the endosperm cavity until it is completely obliter­
ated (Figures 26, 27, and 28). The activity of the periphe­
ral meristem continues throughout most of the subsequent 
growth of the ovule. Although the newly formed cells pro­
duced by this meristematic layer of cells are uninucleate, 
the older cells near the center of the endosperm often become 
multinucleate. Other cells within this central region con­
tain abnormally large nuclei (Figures 39 and 40). 
Approximately ten days after anthesis a further differ­
entiation occurs in the endosperm whereby the outer meri­
stematic layer ceases periclinal divisions and forms an 
aleurone layer (Figure 41). 
Only a small amount of the original ovule is present in 
the mature achene. A few cells at the chalazal end of the 
nucellus become crushed, along with the basal projection, dur­
ing the final stages of seed maturation. In addition the 
outermost layer of the nucellus and the two integuments be­
come crushed, but persist as a very thin covering of the seed 
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in the mature achene. 
At maturity the endosperm consists of two portions, the 
inner starchy endosperm and the surrounding aleurone layer. 
The aleurone layer is one cell thick except in the micropylar 
region of the seed where it is several cells thick. The 
cells of this layer retain their nuclei but do not store 
starch. In the remaining portion of the endosperm, the cells 
become completely filled with starch granules. The nuclei of 
these starch storing cells disintegrate during the final 
stages of seed maturation. 
Figures 22 to 33 illustrate the amount and position of 
the endosperm and nucellar tissue present during various 
stages of ovule development. 
Fruit coat development 
The gross external features of the developing achene of 
P. pensylvanicum are shown in Figure 44. At the time of fer­
tilization the ovary wall has its full complement of cell 
layers. The outermost layer of the ovary, the epicarp, con­
sists of a cuticle and a single layer of palisade cells 
which are elongated at right angles to the surface of the ova­
ry. These palisade cells are thin-walled, nucleate, and con­
tain dense cytoplasm (Figure 45). They are transparent and 
colorless in fresh material. The cells of the palisade layer 
extend from the base of the ovary to the apex where they grad­
ually become shorter and finally merge with the cells in the 
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outermost layer of the style (Figure 1). 
The mesocarp consists of two distinct regions, an outer 
pigmented region and an inner non-pigmented region. The 
outer region has six to eight layers of dark staining paren­
chyma cells which are elongated tangentially with respect to 
the surface of the ovary (Figure 45). In living material the 
green coloration of the ovary appears to be limited to this 
outer region of the mesocarp. The vascular tissue of the 
ovary branches throughout this layer next to the palisade 
cells. The inner region of the mesocarp consists of four to 
six layers of parenchyma cells which are shorter than those 
in the outer region. The endocarp consists of one layer of 
cells which are thin-walled cuboidal cells and contain a 
dense, granular staining material (Figure 45). Very early in 
the subsequent growth of the ovary, the endocarp and the inner 
region of the mesocarp begin to disintegrate. 
The ovary undergoes a rapid increase in size during the 
first four days after anthesis (Figure 44). During the first 
two days after anthesis the cells of the palisade layer under­
go considerable enlargement both radially and tangentially. 
During this enlargement the thin, straight, radial walls be­
gin to form slight undulations. The amount of staining 
material in the outer region of the mesocarp appears to de­
crease (Figure 46). During this period the color of the 
ovary changes from a pale green to a light beige. 
Cell enlargement in the palisade layer is nearly com­
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pleted four days after anthesis. The cytoplasm lines the 
inner surfaces of the much convoluted cell walls. At this 
stage the cell walls begin to thicken (Figure 47), The 
natural coloration of the ovary varies from brown at the apex 
to a very light brown at the base. 
Five days after anthesis a difference in the amount of 
secondary thickening in the walls of the palisade cells can 
be observed. The inner tangential walls do not thicken. The 
radial walls progressively increase in thickness from the 
inner to the outer tangential walls and the outer tangential 
walls become much thickened (Figure 48). The natural colora­
tion of the ovary is brown with a slightly darker brown at 
the apex. 
Approximately six days after anthesis lignification of 
the thickened cell walls begins to occur near the apex of the 
ovary and continues to progress toward the base. The color 
of the developing fruit is dark brown at the base to black at 
the apex. 
Bight to ten days after anthesis the entire achene is 
black. The protoplasm of the palisade cells is enclosed by 
the thick cell walls. In longitudinal section the protoplasm 
appears to have the outline of an elongated, convoluted tri­
angle with its small base at the inner tangential wall. Dur­
ing the final stages of growth the outer portion of the 
mesocarp disintegrates (Figures 49 and 50), 
At maturity the achene is black. The fruit wall consists 
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of the thick, deeply convoluted cell walls of the epicarp and 
the crushed remnants of the raesocarp. From the triangular-
shaped lumen small canals branch into the small crevices 
formed by convolutions of the much thickened.cell walls. 
Development of the Seedling of Polygonum pensylvanicum 
Germination and early growth of the seedling 
During the germination of the achene of P. pensylvanicum, 
the fruit swells and forms a split at the apex. The radicle 
emerges through this split. The hypocotyl continues to 
elongate and pulls the plumule and attached remnants of the 
achene up through the soil. Seedlings appear above ground 
about seven days after planting. After the plumule emerges 
from the soil, the hypocotyl straightens and the seedling as­
sumes a vertical position. During the early stages of germina­
tion the bases of the cotyledons enlarge and form a continuous 
sheath around the developing plumule. The deep red color 
of the cotyledons changes to a dark green after the cotyle­
dons have been above ground for several days. 
A branching habit is initiated acropetally early in the 
growth of the seedling. No branches were observed to arise 
in the axils of the cotyledons. In seedlings with six to 
eight visible leaves, roots were observed at the cotyle-
donary nodes. The cotyledons later degenerate. The plumular 
leaf of a seedling is spatulate in outline while the other 
foliage leaves are elliptical to lanceolate in outline and 
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are much larger than the plumular leaf. An ocrea encircles 
the stem at the base of each leaf. 
About three days after the plumule emerges from the soil 
approximately 6-8 mm. of the oldest leaf is visible between 
the cotyledons. At this time the plumule contains three to 
four leaves. The meristematic stem apex consists of a single 
layer of outer cells, the tunica, and an inner mass of cells, 
the corpus (Figure 51). The continuity and identity of the 
tunica is maintained by anticlinal planes of cell division, 
while that of the corpus is maintained by random planes of 
cell division. 
A short distance below the stem apex, localized ac­
celerated cell division in the outer region of the corpus 
produces a lateral protuberance, a leaf primordium (Figure 52). 
From this area of initiation periclinal divisions, as well as 
random divisions, progressively extend laterally around the 
apex on either side of the original area of initiation. At 
first this type of division gives rise to a crescent-shaped 
ridge that partially encircles the stem (Figure 55). This 
ridge spreads laterally around the stem until the edges meet 
on the opposite side of the stem, thus forming a sheathing leaf 
base which is continuous with the young petiole of the same 
leaf (Figure 55). The sheath elongates by cell division in the 
marginal meristem and soon arches over the apex (Figure 56). 
During this period of growth meristematic activity in the 
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upper, adaxial portion of the young petiole forms a separa­
tion from the petiole region (Figure 57). The apical portion 
of the sheath, now completely separated from the petiole, con­
tinues to form the free upper portion of the ocrea. The 
petiole, which is continuous with the meristematic apex of 
the leaf, continues to grow past the summit of the ocrea 
(Figure 58). 
At approximately the same time that the stem apex ini­
tiates the fourth leaf primordium, a bud primordium is 
initiated in the axil of the oldest leaf (Figure 54). No 
buds were observed in the axils of the cotyledons in either 
greenhouse-grown plants or field-grown plants. 
Stem development 
In the stem of a seedling which has four leaves, pro-
cambium first becomes distinct as an irregular cylinder of 
small dark staining cells about lOOy below the stem apex 
(Figure 54). Approximately 300-400;* below the apex the proto-
derm is one cell layer thick. The future collenchyma can be 
distinguished as a layer of three cells. Between this zone 
and the boundary of the procambium is a layer of large thin-
walled cells in which an occasional dark staining cell occurs. 
A large pith is present. The procambial strands are situated 
close together forming a somewhat irregular ring of pro-
cambium (Figures 53 and 59). 
28 
Within an individual procambium strand the first recog­
nizable cell is a protophloem cell near the outer edge of 
the strand. The differentiation of the first protoxylem cell 
usually occurs soon after the first protophloem cell has 
differentiated (Figure 59). As the procambium strand con­
tinues to enlarge by random longitudinal cell divisions, 
primary phloem continues to differentiate centripetally and 
the primary xylem continues to differentiate centrifugally 
with respect to the exterior of the stem (Figures 59 to 61). 
In a transverse section through an internode which is 
just beginning to elongate, multicellular hairs are preva­
lent in the epidermis. The collenchyma is now five cells in 
thickness (Figure 60). Chloroplasts are concentrated mainly 
in the collenchyma cells, but they do occur in the parenchyma 
cells of the pith, especially around the primary xylem. The 
hypodermal collenchyma usually stains darker than the inner 
cells of the collenchyma. Inward from the collenchyma a 
starch sheath can be identified by using the conventional 
iodine test. The starch sheath delimits the innermost layer 
of the cortex (Figure 60). The central portion of the pith 
begins to disintegrate about this time or shortly hereafter. 
Large clusters of crystals, probably calcium oxalate crystals, 
occur throughout the pith. Within the developing vascular 
bundles, the primary phloem consists of sieve tubes and com­
panion cells as well as densely staining parenchyma cells. 
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External to the phloem components mentioned above, a layer 
of two to five cells is present (Figure 60). These cells 
will eventually become sclerenchyma. At a later stage the 
collenchyma cells begin to form the characteristic wall 
thickenings (Figure 61). The cell divisions within the 
procambial strands appear to be at random in these two inter-
nodes (Figures 60 and 61). 
At a later stage of development the procambial cells 
between the primary xylem and primary phloem begin to divide 
consistently by periclinal divisions. These periclinal 
divisions initiate the fascicular cambium (Figure 62). Peri­
clinal divisions begin to occur in the cells of the inter­
fascicular parenchyma adjacent to the fascicular cambium (Fig­
ure 63). Periclinal divisions extend across the interfasci­
cular region until a complete layer of vascular cambium en­
circles the stem (Figures 64 and 65). Isolated strands of 
phloem, which originate from small procambial strands, are 
often located between the larger vascular bundles. Fascicu­
lar cambium is initiated on the inner surfaces of these 
phloem strands (Figure 65). Cambial activity continues 
throughout the growing season, producing a relatively large 
amount of secondary xylem and secondary phloem. 
During the formation of a complete layer of vascular 
cambium, the cells inward from the starch sheath begin to en­
large and form thick walls (Figures 60-65). These cells con­
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tinue to differentiate and consist of thick lignified cell 
walls at maturity. This layer of sclerenchyma completely en­
circles the stem inward from the starch sheath. Sclerenchyma 
is also present in the outer region of the pith next to the 
primary xylem (Figure 66). In the internodes near the base 
of the plant, sclerenchyma does not usually occur as a con­
tinuous layer but rather as isolated bundles external to the 
primary phloem and inward from the starch sheath (Figure 68). 
In the upper internodes of the flowering plant vascular 
cambium usually is not initiated in the vascular bundles. In 
this type of stem development the sclerenchyma occurs not 
only external to the primary phloem, but encircles each indi­
vidual vascular bundle and isolated phloem strand (Figure 67). 
A small amount of cork usually develops in the lower 
internodes of the stem. The hypodermal layer of collenchyma 
undergoes periclinal divisions which initiate the phellogen. 
The phellogen produces several layers of cork (Figures 68 
and 69). 
Leaf development 
The initiation of the leaf and the early stages of de­
velopment have been described in the observations of the 
apical meristem. The upward growth of the leaf primordium 
continues with the established meristematic apex of the leaf. 
This meristem produces the cylindrical petiole and the portion 
of the midrib above the petiole. Lateral zones of division 
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near the leaf apex produce two marginal meristems from which 
the blade of the leaf develops (Figure 70). 
The protoderm, procambium, and ground meristem can be 
recognized in the very early stages of the petiole develop­
ment (Figure 70). The number of vascular bundles in the 
petiole appears to be related to the position of the leaf on 
the plant. In the first-formed leaves fewer vascular bundles 
normally occur than in the leaves that are formed later. In 
the mature petiole the vascular bundles form an interrupted 
flattened ring. Densely staining cells are prevalent in the 
phloem parenchyma. The larger bundles usually contain a 
small amount of secondary tissue. A zone of hypodermal col-
lenchyma, three to six cells wide, occurs in the petiole. 
The ground tissue of the petiole is parenchyma and has rela­
tively few chloroplasts or starch granules (Figure 71). 
Large clusters of crystals occur throughout the ground tis­
sue. Sclerenchyma often develops next to the outer edge of 
the phloem during the last stage of leaf maturation. The 
structure of the midrib is very similar to that of the petiole 
and varies in size, number of vascular bundles, and the lo­
cation of collenchyma along its entire length (Figure 75). 
Marginal meristems of the leaf are initiated along the 
adaxial side of the future petiole and produce the leaf 
blades (Figures 57, 58, and 70). The marginal meristems be­
come oriented away from the stem apex. This orientation in­
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fluences the direction of growth along the entire length of 
the leaf margins to the apex. Near the base of the blade 
each lamella coils backwards during its lateral extension 
(Figure 72). Toward the apex of the leaf the lamella does 
not coil as much but develops toward the midrib region 
(Figure 73). Continued growth orients the leaf so that only 
the midrib portion and the adjoining blade portion surround 
the developing stem and leaves. 
A marginal meristem consists of an outer layer of cells, 
the marginal initials, and the inner layer of submarginal 
initials. The marginal initials divide anticlinally and 
produce the protoderm. The submarginal initials divide anti­
clinally with respect to the future blade. The derivatives 
of the anticlinal divisions then divide periclinally and pro­
duce the layers of the mesophyll. The number of mesophyll 
layers is established very close to the margin. Anticlinal 
divisions increase the surface area of the leaf, but con­
tinued increase in the number of vertical layers within the 
blade does not ordinarily occur (Figures 72, 73, and 74). 
In an immature leaf blade, one to two cell layers of 
immature palisade parenchyma occur below the upper epidermis. 
Three to four cell layers of immature spongy parenchyma are 
present between the palisade parenchyma and the lower epi­
dermis. The developing vascular bundles vary in size and are 
surrounded by a layer of border parenchyma (Figure 74). 
33 
Stomates occur in the upper and lower surfaces of the 
mature leaf. Two layers of palisade parenchyma and ap­
proximately three layers of spongy parenchyma are present 
(Figure 76). Large clusters of crystals are scattered through­
out the spongy parenchyma, but none were observed in the 
palisade parenchyma of the mature leaf. 
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Figure 1. Longitudinal section of the ovary of Polygonum 
pensylvanicum. The day of anthesis. CX78), 
H Hypostase 
I Integuments 
NU Nucellus 
OW Ovary wall 
V Vascular tissue 
Figures 2-8. Drawings of the early developmental stages 
in the proembryo. 
Figure 2. Zygote. 
Figure 3. Two-celled proembryo. 
Figure 4. Four-celled proembryo. 
Figure 5. Eight-celled proembryo. 
Figure 6. Twelve-celled proembryo. 
Figure 7. Sixteen-celled proembryo. 
Figure 8. Twenty-four-celled proembryo. 

Figures 9-12. Longitudinal sections of the micropylar 
portion of the ovule. (X400). 
Figure 9. Zygote at the day of anthesis. 
Figure 10. Proembryo one day after anthesis. 
Figure 11. Proembryo two days after 
anthesis. 
Figure 12. Proembryo three days after 
anthesis. 
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Figure 13. Longitudinal section of the embryo cut parallel 
to the plane of origin of the cotyledons. Four 
days after anthesis. (X400). 
Figure 14. Longitudinal section of the embryo cut at 
right angles to the plane of origin of the 
cotyledons. Five days after anthesis. (X400). 
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Figure 15. Longitudinal section of the stem apex of the 
embryo. Seven days after anthesis. (X400). 
Figure 16. Longitudinal section of the root of the embryo. 
Seven days after anthesis. (X400). 
Figure 17. Longitudinal section of the stem apex of the 
embryo. Nine days after anthesis. (X400). 
Figure 18. Longitudinal section of the root of the 
embryo. Nine days after anthesis. (X400). 
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Figure 19. Longitudinal section of the stem apex of the 
embryo showing the initiation of the first 
leaf primordium. Ten days after anthesis. 
(X400). 
Figure 20. Longitudinal section through the plumule of 
the mature embryo cut at right angles to the 
plane of attachment of the cotyledons. (X400). 
Figure 21. Longitudinal section of the root apex of 
the mature embryo. (X400). 
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Figures 22-33. Drawings of longitudinal sections of the 
ovules cut parallel with the flat surfaces 
of the maturing achene. 
Figure 22. Day of anthesis. 
Figure 23. One day after anthesis. 
Figure 24. Two days after anthesis. 
Figure 25. Three days after anthesis. 
Figure 26. Four days after anthesis. 
Figure 27. Five days after anthesis. 
Figure 28. Six days after anthesis. 
Figure 29. Seven days after anthesis. 
Figure 30. Eight days after anthesis. 
Figure 31. Nine days after anthesis. 
Figure 32. Ten days after anthesis. 
Figure 33. At maturity. 
B Basal projection of the endosperm 
Cr Cotyledons 
E Endosperm 
EC Central cavity of the endosperm 
EM Embryo 
H Hypostase 
HC Hypocotyl 
NU Nucellus 
PL Plumule 
V Vascular tissue 

Figures 34-36. Longitudinal sections of the ovules showing 
the early stages of endosperm development 
in the embryo sac. (X78). 
Figure 34. One day after anthesis. 
Figure 35. Two days after anthesis. 
Figure 36. Four days after anthesis. 
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Figures 37-41. Details of endosperm development. (XISO). 
Figure 37. Cell wall formation. Two days 
after anthesis. 
Figure 38. Uninucleate cells. Three days 
after anthesis. 
Figure 39. Multinucleate cells and cells 
with abnormally large nuclei. 
Nine days after anthesis. 
Figure 40. Peripheral meristera. Seven 
days after anthesis. 
Figure 41. Aleurone layer. Ten days after 
anthesis. 
AL Aleurone layer 
PM Peripheral meristem 
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Figures 42 and 43. Longitudinal sections of the chalazal 
region of the ovule. (X180). 
Figure 42. Two days after anthesis. 
Figure 43. Seven days after anthesis. 
B Basal projection of the endosperm 
CE Cellular endosperm 
H Hypostase 
NTJ Nucellus 
V Vascular tissue 
53 
Figure 44. External view of developing achenes. 
0. Day of anthesis. 
1. One day after anthesis. 
2. Two days after anthesis. 
3. Three days after anthesis. 
4. Four days after anthesis. 
5. Five days after anthesis. 
6. Six days after anthesis. 
7. Seven days after anthesis. 
S. Eight days after anthesis. 
9. Nine days after anthesis. 
Figure 45. Longitudinal section of the ovary wall. 
The day of anthesis. (X180). 
EN Endocarp 
MI Inner portion of the mesocarp 
Outer portion of the mesocarp 
PA Palisade layer of the epicarp 
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Figures 46-50. Details of the palisade layer and the 
outer mesocarp region of the developing 
ovary wall. (XISO). 
Figure 46. One day after anthesis. 
Figure 47. Four days after anthesis. 
Figure 48. Six days after anthesis. 
Figure 49. Eight days after anthesis. 
Figure 50. Ten days after anthesis. 
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Figures 51 and 52. Longitudinal sections of the stem apex 
showing the apical meristems. Approxi­
mately three days after the emergence 
of the plumule from the soil. (X400). 
Figure 51. Prior to the initiation of 
the fourth leaf primordium. 
Figure 52. After the initiation of the 
fourth leaf primordium. 
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Figures 53-58. Transverse sections of the plumule of a 
young seedling. Approximately three days 
after emergence from the soil. (X78). 
Figure 53. 300^ below the stem apex. 
Figure 54. llOp below the stem apex. 
Figure 55. At the level of the stem apex. 
Figure 56. 30)i above the stem apex. 
Figure 57. 100|i above the stem apex. 
Figure 58. 180p above the stem apex. 
AB Axillary bud of the first leaf 
CB Fused bases of the cotyledons 
M Marginal meristem of the leaf blade 
0 Ocrea 
P Petiole 
S Stem 
SA Stem apex 
The number of a leaf in order of initiation 
is indicated by the respective number. 
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Figure 59. Transverse section of the first internode 
above the cotyledons, 400^ below the stem apex. 
Approximately three days after emergence of 
the plumule from the soil. (X400). 
EP Epidermis 
œ Collenchyma 
PC Procambium 
PI Pith 
PP Protophloem 
PX Protoxylem 
SS Starch sheath 
Figures 60-63. Transverse sections of the stem showing 
the details of development in the vascular 
bundles and the surrounding tissues. (X300). 
Figure 60. Thin-walled collenchyma in the 
cortex and random divisions in 
the procambium of the vascular 
bundles. 
Figure 61. Uneven thickenings in the walls 
of the collenchyma in the 
cortex and random divisions in 
the procambium of the vascular 
bundle. 
Figure 62. Initiation of the fascicular 
cambium. 
Figure 63. Initiation of the interfascicular 
cambium. 
CO Collenchyma 
FC Fascicular cambium 
IC Interfascicular cambium 
SS Starch Sheath 
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Figures 64-66. Transverse sections of the stem showing 
the details of the development of the 
vascular cambium and the surrounding tissues. 
Figure 64. Details of the vascular bundle 
region after a complete ring 
of vascular cambium has been 
formed in the stem. (X300). 
Figure 65. Section of the stem after a 
complete ring of vascular 
cambium has been formed. 
(X180). 
Figure 66. Section of the stem after a 
small amount of secondary 
growth has occurred. (X180). 
CO Collenchyma 
PS Phloem strand 
SC Sclerenchyma 
SS Starch sheath 
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Figure 67. Transverse section of an internode showing the 
sclerenchyma which encircles the individual 
vascular bundles and phloem strands. (X180). 
Figures 68 and 69. Transverse sections of the lower inter-
nodes of the stem. (X180). 
Figure 68. Initiation of phellogen. 
Figure 69. Later stage of periderm 
development. 
PH Phellogen initiation 
P£ Periderm 
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Figure 70. Transverse section of a young petiole and 
beginning of leaf blade formation. (X180). 
Figure 71. Transverse section of a mature petiole. (X47). 
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Figure 72. Transverse section of the blade and midrib of 
a young leaf near the petiole. (X180), 
Figure 73. Transverse section of the blade and midrib of 
a young leaf near the apex of the leaf. (X180). 
Figure 74. Transverse section of a portion of the blade 
of the young leaf in Figure 73. (X400). 
BP Border parenchyma 
PD Immature palisade parenchyma of the leaf 
PP Protophloem 
PX Protoxylem 
SP Immature spongy parenchyma of the leaf 
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Figure 75. Transverse section of the midrib of a mature 
leaf. (X78). 
Figure 76. Transverse section of the blade of a mature 
leaf. (X180). 
BP Border parenchyma 
LE Lower epidermis 
PD Palisade parenchyma of the leaf 
SP Spongy parenchyma of the leaf 
UE Upper epidermis 
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DISCUSSION 
The early stages of embryo development in Polygonum 
pensylvanicum were found to be similar to those described for 
other members of the Polygonaceae by Soueges (1919a, 1919b, 
1920a, 1920b, 1924) and Lonay (1922), with the exception of 
the work by Mahony (1936) on Pagopyrum esculentum. Mahony 
classified the embryo of F. esculentum as Schnarf's crucifer 
type. According to the classification by Johansen (1950), 
the proembryo of P. pensylvanicum as well as those investi­
gated by Souèges and Lonay should be classified as the 
Polygonum variation of the Asterad type. 
The later stages of embryo development in P. pensylvani­
cum closely follow those described for P. persicaria by Wood­
cock (1914). During the development of these embryos, the 
faces of the cotyledons become parallel with the two flat 
surfaces of the developing achene. At maturity the embryo 
occupies a position along the margin of the achene. Woodcock 
referred to the epicotyl of a number of species in the Poly­
gonaceae as a well-developed, cylindrical plumule, while 
Lonay (1922) referred only to the position of the epicotyl 
in the embryo of P. aviculare, but gave no further descrip­
tion. 
In the present study a uniseriate tunica was found to 
be present in the stem apex of the embryo ten days after 
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anthesis. At this time a plumular leaf is initiated in the 
outer region of the corpus. This first leaf primordium is 
initiated in a plane at right angles to the attachment of the 
cotyledons and bisected by a plane tangent to the outer curva­
ture of the embryo. The plumule of the mature embryo con­
sists of a stem apex and the primordium of the first leaf. 
The procambium forms a distinct cylinder within the embryo 
axis and a highly branched network throughout the cotyledons. 
Mature vascular tissue was not observed in the mature embryo 
of P. pensylvanicum. 
The observations on the development of the food reserve 
within the seed support the conclusions of authors who state 
that the food reserve in the members of the Polygonaceae is 
endosperm (Lubbock, 1892; Dammer, 1893; Kraemer, 1910; 
Stevens, 1912; Woodcock, 1914; Lonay, 1922; Winton and Winton, 
1932; Esau, 1960, 1965). This is not in agreement with the 
statement that the food reserve is perisperm (Harz, 1885; 
Coulter and Chamberlain, 1903; Eames, 1961). The development 
of the endosperm closely follows the descriptions for various 
members of the Polygonaceae given by Stevens (1912), Woodcock 
(1914), and Lonay (1922). The endosperm undergoes a number 
of changes during its development from a peripheral free 
nuclear stage to the cellular stage, proceeding to the es­
tablishment of the peripheral meristematic layer, and finally 
the differentiation of the outermost layer of the endosperm 
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into the aleurone layer. In the endosperm of P. pensylvanicum 
the initiation of cell walls appears to occur earlier than 
that found in P. persicaria by Woodcock (1914). Binucleate 
cells were observed near the central region of the endosperm 
of P. persicaria by Woodcock. In the present investigation 
not only binucleate cells were observed, but higher numbers 
of nuclei as well as abnormally large nuclei were observed 
in the cells of this region. 
The interpretation of the origin of the basal projection 
in the embryo sac of P. pensylvanicum does not agree with that 
reported in P. aviculare by Lonay (1922). Lonay has inter­
preted this basal projection as originating from the anterior 
antipodal cell and has illustrated a separation of this region 
from the endosperm by a cell wall. In the present investiga­
tion no cell wall was observed between the cytoplasm of the 
basal projection and the remaining free nuclear endosperm; 
therefore, this basal projection is interpreted to be part of 
the true endosperm, but differing from the rest of the endo­
sperm in that no cell walls are formed during the entire 
growth of the achene. 
The development of the thick-walled palisade cells of the 
fruit wall in pensylvanicum also differs from that described 
by Lonay (1922) in P. aviculare. According to Lonay the ir­
regular appearance of the radial wall in P. aviculare arises 
by localized internal thickenings. In P. pensylvanicum these 
79 
radial walls become convoluted in the very early stages of 
development after anthesis, and during the subsequent growth 
the entire wall becomes thickened. Sirrine (1895) has also 
described and illustrated the cells of the mature achenes of 
various members of the Polygonaceae. According to Sirrine 
and Lonay the radial walls of the mature palisade cells are 
composed of smooth, flat, outer surfaces and convoluted, inner 
surfaces. In the present investigation the radial walls of 
the palisade cells are convoluted on both surfaces, which 
coincides with the description of the mature achene of P. 
convolvulus by Winton and Winton (1932). 
The germination and growth of the young seedlings of P. 
pensylvanicum was found to be similar to the descriptions of 
other species of Polygonum which have been reported by earlier 
investigators (Lubbock, 1892; Woodcock, 1914; Simmonds, 1945a, 
1945b, 1945c). Axillary buds arise in the fourth node below 
the seedling apex, but axillary buds do not occur at the 
cotyledonary node. Roots arise at the cotyledonary node 
during the subsequent growth of the seedling. 
The structure of the stem apex of P. pensylvanicum was 
observed to vary from that of P. orientale which was investi­
gated by Mitra (1945). Mitra reported that the stem apex of 
the adult plant of P. orientale contains a three to four 
layered tunica and that the leaf primordium is initiated four 
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to five layers below the surface of the apex. In the present 
investigation the stem apex of the young seedling of P. 
pensylvanicum was found to have a uniseriate tunica. The leaf 
primordia are initiated in the second cell layer beneath the 
surface of the apex. The subsequent stages in the formation 
and development of the ocrea of P. pensylvanicum was found to 
be similar to that reported by Mitra in P. orientale. 
From the developmental standpoint, the vascular tissue 
of P. pensylvanicum possesses the characteristic features of 
most dicotyledonous stems as reviewed by Esau (1943, I960, 
1965). The protophloem appears first in a procambial strand. 
The primary phloem differentiates centripetally and the pri­
mary xylem differentiates centrifugally in the stem. The 
fascicular cambium arises between the primary phloem and 
xylem and subsequently the interfascicular cambium develops 
from the reactivation of the interfascicular parenchyma. The 
vascular cambium continues to produce secondary xylem and 
phloem throughout the remainder of the growing season. 
In addition to possessing a number of the family features 
reviewed by Solereder (1908) and Metcalfe and Chalk (1950), 
the stem of P. pensylvanicum not only contains collenchyma 
in the hypodermal zone, but this tissue continues throughout 
the cortex to the starch sheath. The starch sheath is con­
sidered to be the innermost layer of the cortex (Esau, I960, 
1965) and synonymous with the endodermis. Phloem strands occur 
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between the phloem of adjacent vascular bundles. The initia­
tion of cork cambium in the hypodermis was observed in the 
lower internodes later in the growing season. 
In the present investigation the presence of chloro-
plasts in the collenchyma, the presence of a distinct starch 
sheath or endodermis, and a hollow pith contrasts sharply 
with the observations of the mature stems of P. pensylvanicum 
by Holm (1927). 
The reverse orientation of the marginal meristem during 
the development of the leaf in P. pensylvanicum does not 
follow the usual scheme in the dicotyledons. Normally the 
marginal meristems of the leaf encircle the stem during the 
formation of the leaf blade (Esau, 1960, 1965), but in P. 
pensylvanicum the marginal meristems of the blade become 
oriented away from the stem axis and continue to develop near 
the abaxial portion of the midrib. This type of growth may 
occur as the result of the presence of the ocrea which partial­
ly develops from the adaxial portion of the young petiole. 
The structure of the mature leaf is similar to that re­
ported by Holm (1927) for P. pensylvanicum. Although clusters 
of crystals, presumably calcium oxalate crystals, were ob­
served in the spongy parenchyma, in this investigation none 
were observed in the palisade parenchyma of the leaf. 
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SUM'-.iARY 
A study was made of the ontogeny of the achene and of 
the developmental anatomy of the vegetative organs of 
Polygonum pensylvanicum. 
The proembryo of P. pensylvanicum is classified as the 
Polygonum variation of the Asterad type. The cotyledons are 
initiated three days after anthesis, and by the fifth day 
procambium is present in the embryo axis. Approximately 
seven days after anthesis the embryo begins to curve and to 
occupy the margin of the ovary. Ten days after anthesis the 
stem apex of the embryo has a uniseriate tunica. The first 
leaf primordium is initiated at this time. At maturity the 
embryo consists of two cotyledons, a plumule which consists 
of the meristematic apex and one leaf primordium, and a well-
developed radicle. No mature vascular tissue was observed in 
the mature embryo. 
The endosperm nuclei begin to divide prior to the first 
division of the zygote. Cell wall formation begins in the 
endosperm at the micropylar end of the embryo sac and pro­
ceeds toward the chalazal region. By the fifth day after 
anthesis the endosperm is completely cellular, except for the 
basal projection, and a peripheral meristem has been estab­
lished. Approximately ten days after anthesis the peripheral 
meristem ceases periclinal cell division and the outermost 
83 
layer becomes the aleurone. The antipodals do not contribute 
to the formation of the food reserve. During the growth of 
the endosperm the nucellus progressively degenerates, and the 
integuments and the outer layer of the nucellus become crushed 
in the final stages of seed maturation. 
At the time of fertilization the ovary wall has its full 
complement of cell layers. The walls of the outer palisade 
cells elongate and become convoluted. Subsequent thickening 
and lignification produce the tough, outer fruit wall of the 
mature achene. The inner layers of the ovary disintegrate 
during the maturation of the achene, and only the outer pali­
sade cells are present at maturity. 
A uniseriate tunica is present in the stem apex of the 
young seedling. Leaf primordia arise in the outer corpus zone. 
The origin of the leaf primordium and the subsequent formation 
of the ocrea and its separation from the petiole and blade was 
discussed. Roots were observed to arise at the cotyledonary 
node. 
The procambial strands differentiate near the stem apex. 
Subsequent differentiation of the vascular tissues follows the 
general scheme found in the dicotyledons. Isolated phloem 
strands were observed between the phloem of adjacent vascular 
bundles. The fascicular cambium arises between the primary 
phloem and >cylem and subsequently the interfascicular cambium 
develops from the reactivation of the interfascicular paren­
chyma. The vascular cambium continues to produce secondary 
xylem and phloem throughout the remainder of the growing 
season. 
The cortex of the mature stem consists of collenchyma 
and an inner starch sheath. Sclerenchyma encircles the stem 
inward from the starch sheath. Sclerenchyma completely sur­
rounds those isolated phloem strands and those vascular bun­
dles which lack cambial activity. Periderm develops in the 
hypodermal layer of older stems. 
In the leaf the marginal meristem becomes oriented away 
from the stem axis and continues to develop near the abaxial 
side of the midrib. The immature blade consists of approxi­
mately seven layers of cells. At maturity two layers of 
palisade parenchyma and approximately three layers of spongy 
parenchyma are present. Stomates are present in the upper and 
lower epidermis. 
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